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XQLTXHDQGUHYHDOHG WKH W\SLFDOGHIHFWFHQWUHVDQGHQDEOHXV WRVWXG\ WKHHIIHFWRI WKHUPDODQGUDGLDWLRQHIIHFWVRQ WKHFU\VWDO
VWUXFWXUH J\SVXP 6LQJOH FU\VWDOV RI J\SVXP DW URRP WHPSHUDWXUH PD\ JUDGXDOO\ ORVH FU\VWDOOL]DWLRQ ZDWHU ,WV DEVHQFH LV
FRPSHQVDWHGE\ WKHFKDQJHRIFRRUGLQDWLRQQXPEHUFDOFLXPDQGVXOIXUZKLFK OHDGV WR WKH IRUPDWLRQRISRLQWGHIHFWVZKLFK
EHFRPHSDUDPDJQHWLFGXULQJ LUUDGLDWLRQ ,WZDVIRXQGWKDW WKHPRUSKRORJ\RIVLQJOHFU\VWDOVRIJ\SVXPFRUUHVSRQGV WRVHWWLQJ
,DPRQRFOLQLFV\VWHP7KHIDFHVRIWKHFU\VWDODUHDOORFDWHGRQDZHOOGHYHORSHGFOHDYDJHSODQHSHUSHQGLFXODUWRWKHD[LV
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VXOSKDWHVJ\SVXPLVRIWHQIRXQGLQRLOILHOGVDQGZLWKQDWLYHVXOIXUDWWULEXWHGWRVHGLPHQWDU\GHSRVLWV*\SVXPLVDQ
DXWRJHQLFPLQHUDO,WLVZLGHO\XVHGDVDPDUNHULQSDODHRK\GURORJ\FOLPDWRORJ\DQGJHRFKURQRORJ\3RVVLELOLWLHV




QHZ WUHQG UHODWH WR WKH XVH RI FU\VWDOOL]DWLRQ ZDWHU DV D VRXUFH IRU SODQWV 3DODFLR HWDO 0DQ\ SK\VLFDO
SURSHUWLHVRIJ\SVXPDUHFRQQHFWHGRUFRQWUROOHGE\ZDWHUPROHFXOHV.QLJKWHWDO6LQJOHFU\VWDOVRIJ\SVXP
PD\ JUDGXDOO\ ORVH FU\VWDOOL]DWLRQZDWHU DW URRP WHPSHUDWXUH 7KH GHILFLHQF\ RI WKLVZDWHU LV DFFRPSDQLHG E\ D
FKDQJHLQWKHFRRUGLQDWLRQQXPEHURIFDOFLXPVXOIXUDQGWKHIRUPDWLRQRIYDFDQFLHV&D2DQGZDWHUPROHFXOHV
$VDUHVXOWWKHIRUPDWLRQRISRLQWGHIHFWVLQWKHFU\VWDOVWUXFWXUHZKLFKWXUQSDUDPDJQHWLFXQGHUQDWXUDORUDUWLILFLDO
LUUDGLDWLRQ DUH WKH VXEMHFW RI VWXG\ E\ (35 *XQWHU $QWRQLR HWDO .DVX\D HW DO  -NHGD DQG
-NH\D.KDVDQRYHWDO)RU WKHSXUSRVHVRIHVWDEOLVKLQJUHIHUHQFHPDUNHUVRIJ\SVXPFU\VWDOV
IRUGLIIHUHQWJHQHUDWLRQV LQVROYLQJVFLHQWLILFDQGDSSOLHGSUREOHPV LW LV UHOHYDQW WRVHDUFKDQG LGHQWLI\ WKHPLQD






 62  &O  DQG &D  0J  1D  .  DFFRUGLQJ WR FKHPLFDO
DQDO\VLVUHVSHFWLYHO\7KHWRWDOLURQFRQWHQWZDVPJSHURQHGPDQGWKHVROXWLRQZDVRIɪɇ 
7KHPRUSKRORJ\RI WKHFU\VWDOVGHSHQGVRQ LQWHUQDODQGH[WHUQDO IDFWRUV7KHILUVW LVGHWHUPLQHGE\ WKHFU\VWDO
VWUXFWXUHDQGVSDFHJURXSV\PPHWU\7KHVHFRQGDUHWKHFRQGLWLRQVRIVDWXUDWLRQDQGWHPSHUDWXUHRIWKHVROXWLRQWKH
SUHVHQFHRI LPSXULWLHVDQGFDWDO\VWVRU LQKLELWRUV WKDWDUHGLUHFWO\GHWHUPLQHGE\FU\VWDOKDELWDQG WKHVHOHFWLRQRI
FU\VWDOVHWWLQJ,QSUDFWLFH,DVHWWLQJLVGLIIHUHQWIURP&FVHWWLQJPHDQLQJPRQRFOLQLFDQJOHȕ DQGWKH
ȕ    UHVSHFWLYHO\ 7KH PRUSKRORJ\ RI WHFKQRJHQLF J\SVXP FU\VWDOV KDV EHHQ VWXGLHG DQG IRXQG LW
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7KHVWUXFWXUHRIWKHVSDFHJURXSܥଶ௛଺ DUHGHVFULEHGLQWKHVWDQGDUGVHWWLQJ&FE\XVLQJEDVLVYHFWRUVDEFDW
WKH RULJLQ FRLQFLGLQJ ZLWK WKH FHQWUH RI LQYHUVLRQ LQ WKH SODQH W\SH F )LJE ,QWHUQDWLRQDO 7DEOHV IRU
&U\VWDOORJUDSK\  7KH EDVLV YHFWRUV D E F LQ& VHWWLQJ DQG DL EL FL LQ ,VHWWLQJ DUH FRQQHFWHG ZLWK
UHODWLRQVDL FEL EFL DɫRUD DLFLE ELF DL6SDFHJURXSDOORZVIRXUW\SHVRIUHJXODUSRLQWVD
EFGWRWKHSRVLWLRQRIJURXS*Į Ci7\SHSRLQWDDQGEEHORQJWRWKHSODQHW\SHFEXWSRLQWW\SHFDQGG











*.DVX\DHWDO-NHGDDQG-NH\D7KHDQJXODUGHSHQGHQFHRI WKH(35VSHFWUD LQ WKUHHRUWKRJRQDO
SODQHVFDELQWKHWHFKQRJHQLFJ\SVXP)LJZDVFDUULHGRXWZLWKDVWHSGHJUHHV
7KH FDOFXODWLRQ RI WKH (35 VSHFWUD LQFOXGHG GHWHUPLQDWLRQ RI WKH SDUDPHWHUV RI WKH VSLQ +DPLOWRQLDQ 6+
SRVLWLRQVDQGLQWHQVLWLHVRIWKHOLQHVZDVSHUIRUPHGXVLQJDQXPHULFDOPDWUL[GLDJRQDOL]DWLRQ6+0RPERXUTXHWWH
HWDO  7KH YDOXH DQG WKH GLUHFWLRQ RI WKH SULQFLSDO D[HV RI WKH JWHQVRU FRPSXWLQJ IRU 3& * * *




QRWH WKDW WKLVUDGLFDO LVFKDUDFWHUL]HGE\WKHQXPEHURIPDJQHWLFFRQMXJDWH.0VSHFWUDHTXDO WR WZRDQGIRUPHG




ILHOG + DORQJ RUWKRJRQDO D[HV DEF RI WKH
WHFKQRJHQLFJ\SVXP
)LJ7KH(35DQJXODUGHSHQGHQFHRI**DQG* LQ WKUHHRUWKRJRQDOSODQHVRI WKH
WHFKQRJHQLF J\SVXP 7KH DUURZ LQGLFDWH SRLQW VSOLWWLQJ WKH VXSHU K\SHUILQH VSOLWWLQJ RI
SURWRQV, 










62 IRU ERWK WKH UDGLFDO LRQV 62$ DQG 62$ KDV EHHQ HVWDEOLVKHG ,Q FRQWUDVW WR WKH GLUHFWLRQ RI WKH
PD[LPXPSULQFLSDOD[LVRIWKHWHQVRUVXSHUILQHLQWHUDFWLRQZDVSURYHGGLIIHUHQWIRUHDFK3&)RULRQUDGLFDO62
$WKLVGLUHFWLRQZDVFORVHWRWKHGLUHFWLRQ6+SURWRQRIWKHZDWHUPROHFXOHDGMDFHQWOD\HUDWDGLVWDQFHRIa
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EHWZHHQWKHH[SHULPHQWDODQGWKHRUHWLFDOYDOXHVRIWKHVSHFWUDOOLQHVLVDFKLHYHGE\DVVXPLQJWKHPXOWLSOLFLW\RI.0
 EHFDXVHRI WKH ORZHULQJRI WKH V\PPHWU\FHQWUH WR&7KLVFHQWUH LV LGHQWLILHGDV&2.DVX\DHWDO
-NHGDDQG-NH\D'LUHFWLRQVJWHQVRUSULQFLSDOD[HVLQGLFDWHWKDWWKHFHQWUHLVGHSOR\HGUHODWLYHWRWKHSRVLWLRQ

















DUHQRW UHFRYHUHGDIWHU;UD\ LUUDGLDWLRQ7KHSUHVHQFHRI WKH(353&62DOORZV WKHDSSHDUDQFHRI WKHJ\SVXP
VWUXFWXUH VSKHUHV ZLWK D UDGLXV RI a c LQVLGH ZKLFK WKHUH DUH QR ZDWHU PROHFXOHV 7KLV PRGHO 3& *LV LQ
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